Chemical constituents from Gazania linearis cultivated in Egypt  by Elkhayat, Ehab Saad
Bulletin of Faculty of Pharmacy, Cairo University (2016) 54, 257–261Cairo University
Bulletin of Faculty of Pharmacy, Cairo University
www.elsevier.com/locate/bfopcu
www.sciencedirect.comORIGINAL ARTICLEChemical constituents from Gazania linearis
cultivated in EgyptPeer review under responsibility of Faculty of Pharmacy, Cairo
University.
http://dx.doi.org/10.1016/j.bfopcu.2016.08.001
1110-0931  2016 Publishing services provided by Elsevier B.V. on behalf of Faculty of Pharmacy, Cairo University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Ehab Saad ElkhayatDepartment of Pharmacognosy, Faculty of Pharmacy, Al-Azhar University, Assiut Branch, Assiut 71524, EgyptReceived 30 April 2016; revised 20 July 2016; accepted 3 August 2016
Available online 18 August 2016KEYWORDS
Gazania linearis;
Asteraceae;
Sesquiterpene lactones;
Triterpene;
CytotoxicityAbstract Chemical investigation of the cytotoxic n-hexane fraction of the rhizomes of Gazania
linearis (Thunb.) Druce (Asteraceae), led to isolation of a steroid-glucoside and three triterpenes,
together with three sesquiterpene lactones. The chemical structures of the isolated compounds were
established based on their spectroscopic analyses (IR, 1D and 2D NMR, and mass spectroscopy) to
be: lupeol-3-O-stearate (1), costunolide (2), 11,13-dihydro-costunolide (3), santamarine (4), in
addition to lupeol (5), b-amyrin (6), and b-sitosterol-3-O-b-D-glucopyranoside (7). The n-hexane
fraction and compounds 4 and 6 displayed moderate cytotoxic activity toward MCF-7 and
COLO-205 with IC50 values of 24.3, 34.0 lg/mL and 53.25 lM and 61.27, 21.10, and 25.70 lM,
respectively compared to doxorubicin (IC50 0.11 and 0.44 lM, respectively).
 2016 Publishing services provided by Elsevier B.V. on behalf of Faculty of Pharmacy, Cairo University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Genus Gazania (family Asteraceae, tribe Arctotideae Cass.
1819) includes 25 herbaceous species native to South Africa.1
They produce large, daisy-like composite flowers in brilliant
shades of yellow and orange. They are often planted as a
drought-tolerant groundcover.2 Some species were cultivated
in Egypt as ornamental plants among which G. linearis, G.
rigens, and G. nivea.3–5 Other species existing in Egypt,
includes G. hypridus, G. krebsiana, G. lichenstenii, and G. splen-
dens.6 Gazania has been reported in folk medicine to prevent
miscarriage and tooth ache, also it was incorporated in purga-
tive preparations especially with aloes. Few studies have been
reported to evaluate the biological effects of Gazania; which
attributed antioxidant and hepatoprotective activities for G.nivea and antimicrobial activity for G. rigens.7 G. linearis also
called G. longiscapa DC, commonly known as treasure flower,
is a mat-forming or clumping perennial herb growing from rhi-
zomes.2,8 Its leaves have long, winged petioles and form basal
rosettes at the ground level around a branched stem. Leaves
are linear to lanceolate, dull green with woolly undersides.
The plant produces large, solitary daisy-like flower-heads in
shades of bright yellow and orange colors. There is no report
regarding the chemical constituents and biological activities
of G. linearis. The present work reports the isolation and
identification of lupeol-3-O-stearate (1), costunolide (2),
11,13-dihydro-costunolide (3), santamarine (4), lupeol (5),
b-amyrin (6), and b-sitosterol-3-O-b-D-glucopyranoside (7)
(Fig. 1). In this study, compounds 1–4 were isolated here for
the first time from the genus Gazania, while compounds 5–7
were isolated for the first time from the title plant. The
n-hexane fraction and the isolated compounds 1–7 were
evaluated for their cytotoxic activity.
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Figure 1 Compounds isolated form G. linearis 1–7.
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2.1. General procedures
IR spectra were measured on Schimadzu Infrared-400 spec-
trophotometer (Japan). Electron impact mass spectrometry
(EIMS) data were obtained with a JEOL JMS-700T mass spec-
trometer. 1H and 13C NMR spectra were measured on Bruker
DRX 400 spectrometer (Bruker, Rheinstetten, Germany). The
GCMS was performed on Clarus 500 gas chromatography
mass spetrometry (GCMS) (Perkin-Elmer, USA). The soft-
ware controller/integrator was Turbo Mass, version 4.5.0.007
(Perkin-Elmer, USA). An Elite 5MS GC capillary column
(30 mm  0.25 mm  0.5 lm, Perkin-Elmer, USA) was used.
Helium, as a carrier gas (purity 99.9999%) was used at a flow
rate of 2 mL/min (32 psi, flow initial 55.8 cm/s, split; 1:40).
Temperature conditions were adjusted as follows: inlet line
temperature, 200 C; source temperature, 150 C; trap emis-
sion, 100 C and 70 eV electron energy. The column tempera-
ture program was: 50 C for 5 min, increased to 220 C (rate,
20 C/min) and held for 5 min. The injector temperature was
220 C. MS scan was from 50 to 700 m/z. Vacuum liquid
chromatography (VLC) was carried out on silica gel 60
(0.04–0.063 mm, Merck, Darmstadt, Germany). Column chro-
matographic separations were performed over silica gel 60
(0.04–0.063 mm, Merck, Darmstadt, Germany) and TLC anal-
yses were carried out on pre-coated silica gel F254 aluminum
sheets plates (Merck, Darmstadt, Germany). Compounds were
detected by spraying with p-anisaldehyde/H2SO4 reagent and
heating at 110 C for 1–2 min.2.2. Plant material
Fresh roots of G. linearis were collected in March 2014 from
cultivated plants at the medicinal plants farm of Faculty of
Pharmacy, Al-Azhar University, Assiut branch. The
plant was identified and authenticated by Prof. Dr. Salah M.
El-Nagar, Professor of Plant Taxonomy, Faculty of Science,
Assiut University, Assiut, Egypt. A voucher specimen
(G-3n2014) was deposited at the herbarium of the Department
of Pharmacognosy, Faculty of Pharmacy, Al-Azhar
University, Assiut branch.
2.3. Extraction and isolation
The shade-dried roots (1 kg) were crushed and macerated with
MeOH (3  2.5 L, 72 h, each) at room temperature. The com-
bined extract was concentrated under reduced pressure to
afford a dark brownish residue (17.2 g). The latter was sus-
pended in distilled water (100 mL) then partitioned exhaus-
tively and subsequently with n-hexane, CHCl3 and EtOAc
(4  300 mL, each). Each fraction was concentrated under
reduced pressure to give n-hexane (5.4 g), CHCl3 (2.7 g),
EtOAc (1.9 g), and aqueous (6.1 g), fractions. The n-hexane
fraction (5.4 g) was subjected to vacuum liquid chromatogra-
phy (VLC), over silica eluted with n-hexane:EtOAc gradient
to yield 4 fractions. Fraction 1 (2.1 g) was subjected to silica
gel column chromatography eluted with n-hexane:EtOAc
(98:2 to 85:15) to afford five fractions:HGL-1 to HGL-5. Silica
gel column chromatography (40 g, 50  2 cm) of fraction
HGL-1 (195 mg) using n-hexane/EtOAc gradient gave
Table 1 1H NMR data of compounds 2–4 (400 MHz, CDCl3).
No. 2 3 4
dH [mult., J (Hz)] dH [mult., J (Hz)] dH [mult., J (Hz)]
1 4.83 (1H, m) 4.84 (1H, m) 3.66 (1H, dd, J= 10.2, 6.6 Hz)
2 2.0–2.35 (1H, m) 1.98–2.34 (1H, m) 2.38 (1H, m)
1.68 (1H, m) 1.65 (1H, m) 2.01 (1H, m)
3 2.0–2.35 (1H, m) 1.98–2.34 (1H, m) 5.35 (1H, m)
2.43 (1H, m) 2.45 (1H, m)
5 4.72 (1H, d, J= 9.6 Hz) 4.71 (1H, m) 2.33 (1H, br.d. J= 11.2 Hz)
6 4.57 (1H, t, J= 8.4 Hz) 4.53 (1H, m) 3.95 (1H, t, J= 11.4 Hz)
7 2.56 (1H, t, J= 7.8 Hz) 2.51 (1H, m) 2.50 (1H,m)
8 2.0–2.35 (2H, m) 1.98–2.34 (2H, m) 2.11 (1H,m,)
1.65 (1H, m)
9 2.0–2.35 (2H, m) 1.98–2.34 (2H, m) 2.06 (1H, m)
1.32 (1H, m)
11 – 2.51 (1H, m) –
13 6.25 (1H, d, J= 2.9 Hz) 1.24 (3H, d, J= 7.1 Hz) 6.06 (1H, d, J= 3.5 Hz)
5.51 (1H, d, J= 2.9 Hz) 5.41 (1H, d, J= 3.5 Hz)
14 1.41 (3H, s) 1.39 (3H, s) 0.87 (3H, s)
15 1.69 (3H, s) 1.68 (3H, s) 1.83 (3H, s)
Table 2 13C NMR data of compounds 2–4 (100 MHz,
CDCl3).
No. 2 3 4
1 126.8 127.4 75.2
2 28.2 28.4 32.8
3 41.1 41.1 121.5
4 141.1 137.1 133.5
5 127.6 127.1 51.1
6 81.9 81.6 81.6
7 50.8 54.5 51.0
8 26.3 26.1 21.2
9 39.6 39.5 34.4
10 137.2 140.0 40.9
11 141.5 42.4 139.1
12 170.7 178.6 170.8
13 120.2 13.4 116.9
14 16.2 16.3 11.2
15 17.5 17.4 23.5
Chemical constituents from Gazania linearis 259compound 1 (17 mg). Fraction HGL-2 (327 mg) was chro-
matographed over silica gel column (50 g, 50  2 cm) using
n-hexane/EtOAc gradients to obtain compounds 2 (5.3 mg),
3 (7.3 mg), and 4 (4.8), in addition to a mixture of compounds
still under further investigation. Silica gel column chromatog-
raphy (80 g, 50  2 cm) of fraction HGL-3 (112 mg) using
n-hexane/EtOAc gradient afforded compounds 5 (22.5 mg)
and 6 (18.9 mg). Similarly, fraction HGL-5 (205) was treated
as fraction HGL-3 to obtain compound 7 (78 mg).
2.4. Alkaline hydrolysis
A solution of 1 (8 mg) in 3% KOH/MeOH (4 mL) was left to
stand for 15 min at room temperature then neutralized with
1 N HCl/MeOH. The solution was extracted with CHCl3.
The solvent was evaporated and the residue obtained was
chromatographed on a silica gel column using n-hexane:
EtOAc gradient to furnish lupeol and methyl ester of stearic
acid. Lupeol was identified by EIMS analysis and co-TLC with
authentic sample. The methyl ester of stearic acid was identi-
fied by GCMS.9
2.5. Cytotoxic activity
The cytotoxicity was evaluated by the [3H] thymidine assay
using breast cancer (MCF-7) and colon cancer (COLO-205)
cell lines.10 Doxorubicin was used as a positive control. The
cell lines were obtained from Al-Azhar University Centre for
Viral Research, Cairo, Egypt.
3. Results and discussion
Compound 1 was isolated as white amorphous powder. The
analysis of its spectral data assigned a lupine skeleton as iden-
tified by the exomethylene signals at dH 4.56 (H-29A) and 4.68
(H-29B)/dC 109.3 (C-29) and 151.0 (C-20), in addition to,
seven tertiary methyl signals at dH 0.80, 0.83, 0.84, 0.93,
0.97, 1.07, and 1.69, respectively, together with the absorptionbands at 1657, 884 cm1 (exocyclic di-substituted double
bond), 1370 and 1380 cm1 (geminal dimethyl) in IR spec-
trum.11–13 In the 1H and 13C NMR spectra, the terminal
methyl signal at dH 14.1ndC 0.88 (t, J= 6.7 Hz, H-18), multi-
plet methylene at dH 2.38 ðH-2nÞ, and methylene signals at dH
1.26–1.29/dC 29.4–29.7, together with the ester carbonyl at dC
170.2 indication on the presence of a fatty acid residue (Tables
1 and 2). The molecular ion peak at m/z 692 [M]+ in the EIMS
spectrum, with significant ion peaks at m/z 677 [MCH3]+
and 410 [MC18H36O2+H]+, accounted for stearyl ester of
lupeol, which was confirmed by alkaline hydrolysis followed
by GCMS analysis of the fatty acid methyl ester. According
to these data and by comparison with literature,11,14,15 com-
pound 1 was identified as lupeol-3-O-stearate. This is the first
isolation of this compound from the genus Gazania.
Compound 2 was isolated as white crystals. The EIMS
analysis showed a molecular ion peak at m/z 232 [M]+. The
IR spectrum showed absorption bands at 1761 (c-lactone)
and 860 cm1 (tri-substituted double bond). The two doublet
Table 3 Cytotoxic activity results.
Sample (IC50 lM)
MCF-7 COLO-205
n-Hexane fractiona 24.3 ± 1.30 34.0 ± 2.40
1 >144.50 >144.50
2 >431 >431
3 >427.40 >427.40
4 53.25 61.27
5 >235 >235
6 21.10 25.70
7 >174 >174
Doxorubicin 0.11 0.44
a IC50 lg/mL.
260 E.S. Elkhayatsignals at dH 5.51 and 6.25 (J= 2.9 Hz, each) in the
1H NMR
spectrum (Table 1), revealed the presence of exocyclic methy-
lene. Moreover, two singlet methyls at dH 1.41 (H-14) and
1.69 (H-15), two olefinic protons at dH 4.83 (1H, m) and
4.72 (d, J= 9.6 Hz), in addition to two triplet signals at dH
4.57 (J= 8.4 Hz) and 2.56 (t, J= 7.8 Hz) were observed.
The 13C NMR (Table 2) showed the presence of 15 carbons;
two methyls, five methylenes, four methines, and four quater-
nary carbons. The c-lactone moiety as suggested by the IR
spectrum was confirmed by the four olefinic carbons associated
with two double bonds at dC 141.1/127.6 and 126.8/137.2 and
the carbon resonances at dC 170.7, 141.5, 81.9, and 50.8. The
sequence of the aliphatic and olefenic protons was assigned
using the homonuclear correlation spectroscopy (COSY)
experiment (Fig. 2), which afforded the series from H-1 to
H-3 and from H-5 to H-9. The heteronuclear multiple bond
correlation (HMBC) cross peaks of H-1 with C-10, H-3 with
C-4, H-9 with C-10, H-5 with C-6 and C-4, and H-15 with
C-4 indicated a costunolide nucleus. From the above men-
tioned data, 2 was identified as costunolide which was first iso-
lated from Saussurea costus roots.16 Also, it was reported from
several plants as bay leaf,17,18 Rudbeckia species,19 andMagno-
lia grandiflora.20 It was isolated here for the first time from the
genus Gazania.
Compound 3 was isolated as yellowish resinous residue.
The EIMS spectrum showed a molecular ion peak at m/z
234 [M]+. The NMR data of 3 were similar to those of 2,
except the appearance of doublet signal for a secondary methyl
group at dH 1.24 (3H, J= 7.1 Hz) and a multiplet methine
proton at dH 2.51 (1H, m) and disappearance of the exomethy-
lene signals. Together with increment of 2 mass units, com-
pound 3 was assigned to be a dihydro-derivative of 2. The
2D correlations of the secondary methyl with C-7 and C-12
allowed its attachment at C-11. Accordingly, compound 3
was confirmed to be 11,13-dihydrocostunolide.21 It was iso-
lated here for the first time from the genus Gazania.
Compound 4 was isolated as white crystals. The EIMS
showed molecular ion peak at m/z: 248 [M]+, in addition to
fragment ion peak at m/z 230 [MH2O]+. The IR spectrum
showed absorption bands ascribable to hydroxyl, c-lactone,
and tri-substituted double bond (3480, 1751, and 855 cm1,
respectively). The 1H and 13C NMR spectra showed signals
assignable to two tertiary methyls at dH 0.87 (3H, s, Me-14)
and 1.83 (3H, s, Me-15), two oxymethines at dH 3.66 (1H,
dd, J= 10.2, 6.6 Hz) and 3.95 (1H, t, J= 11.4 Hz), an olefinic
proton signal at dH 5.35 (1H, m, H-3), and an exomethyleneO
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Figure 2 Key 2D correlations of compounds 2–4.group at dH 6.06 and 5.41 (1H, d, J= 3.5 Hz, each) (Table 1).
The 13C NMR showed the presence of 15 carbons: two
methyls, four methylenes, five methines, and four quaternary
carbons. In addition, the two olefinic carbons of a double bond
at dC 121.5/133.5 and carbon resonances at dC 170.8, 139.1,
81.6, and 51.1 confirmed the c-lactone moiety as suggested
by the IR spectrum (Table 2). The COSY experiment afforded
two spin systems from H-1 to H-3 and from H-5 to H2-9
(Fig. 2). The HMBC spectrum showed cross peaks between
the hydroxymethine (H-1) and C-10, H-3 and Me-15 with C-
4, H-5 with C-4 and C-7, H-9 with C-10, and Me-14 with C-
10, C-1, and C-9. In addition, HMBC cross peaks of H-7
(dH 2.50) to the lactone carbonyl carbon (C-12) and oxy-
genated methine at dH 3.95 (H-6) to the quaternary carbon
at dC 139.1 (C-11) were observed. From the above mentioned
data, compound 4 was identified as 1-hydroxy-eudesmanolide.
The NMR data are in good agreement with those reported for
santamarine,20,22 which was previously isolated from Laurus
nobilis L.,23 roots of Costus speciosus,22 and flowers of Tanace-
tum vulgare.24 This is the first isolation of this compound from
the genus Gazania.
The cytotoxic effect of obtained fractions and the isolated
compounds were tested against MCF-7 and COLO-205 cancer
cell lines. It was found that n-hexane fraction and compounds
4 and 6 showed moderate cytotoxic activity toward MCF-7
and COLO-205 with IC50 values of 24.3, 34.0 lg/mL and
53.25 lM and 61.27, 21.10, and 25.70 lM, respectively com-
pared to doxorubicin (IC50 0.11 and 0.44 lM, respectively).
Other fractions and compounds had no activity (Table 3).
Compounds 5–7 were identified as lupeol,25 b-amyrin,26
and b-sitosterol-3-O-b-D-glucopyranoside,27 respectively by
comparison of their physical and spectral data with literature.
These compounds are isolated here for the first time from the
title plant.
Conflict of interest
None declared.
References
1. Kubitzki K. Genera of vascular plants. In: Kadereit JW, Jeffrey C,
editors. Vol. VIII flowering plants eudicots, asterales. Berlin
Heidelberg: Springer-Verlag; 2007.
Chemical constituents from Gazania linearis 2612. Brickell C. The Royal Horticultural Society A-Z encyclopedia of
garden plants. United Kingdom: Dorling Kindersley; 2008. p.
1136.
3. El Kady WM, Salama AAA, Desoukey SY, Hagag EG, El-
Shenawy SM, El-Shanawany MA. Comparative DNA profiling,
botanical identification and biological evaluation of Gazania
longiscapa DC and Gazania rigens L. Bull Fac Pharm Cairo Univ
2015;53:129–45.
4. Ahmed SI. Pharmacognostical study of Gazania rigens R.B. family
Compositae cultivated in Egypt [M.Sc. thesis]. Faculty of Phar-
macy, Assiut University; 1981.
5. Taha SE, Mona HH, Shahira ME, Amany AS. Pharmacognostical
and biological studies on the rhizomes of Gazania nivea DC
cultivated in Egypt. Bull Fac Pharm Cairo Univ 2008;46:253–65.
6. Moustafa AMY, Khodair AI, Hammouda FM. Phytochemical
investigation and a-cellulose content determination of Gazania
splendens Moore. Res J Phytochem 2007;1:21–32.
7. Hala MH. Biologically-guided phytochemical investigation of
Gazania rigens L. Alex J Pharm Sci 2009;23:96–100.
8. Barkworth ME, Capels KM, Long S, Michael B. Flora of North
America, vol. 19. Oxford University Press; 2003. p. 197.
9. Ibrahim SRM, Mohamed GA, Ross SA. Integracides F and G:
new tetracyclic triterpenoids from the endophytic fungus Fusarium
sp. Phytochem Lett 2016;15:125–30.
10. Carmichael J, DeGraff WG, Gazdar AF, Minna JD, Mitchell JB.
Evaluation of a tetrazolium-based semi-automated colorimetric
assay: assessment of radio sensitivity. Cancer Res 1987;47:943–6.
11. Al-Musayeib NM, Mohamed GA, Ibrahim SRM, Ross SA.
Lupeol-3-O-decanoate. A new triterpene ester from Cadaba
farinosa Forsk. growing in Saudi Arabia. Med Chem Res
2013;22:5297–302.
12. Chumkaew P, Kato S, Chantrapromma K. A new triterpenoid
ester from the fruits of Bruguiera parviflora. Chem Pharm Bull
2005;53:95–6.
13. Silverstein RM, Webster FX. Spectrometric identification of
organic compounds. New York: Wiley; 1998.
14. Jamal AK, Yaacob WA, Din LB. A chemical study on Phyllanthus
reticulates. J Phys Sci 2008;19:45–50.
15. Lakshmi V, Mahdi AA, Ahmad MK, Agarwal SK, Srivastava
AK. Antidiabetic activity of lupeol and lupeol esters in strepto-zotocin-induced diabetic rats. Bangladesh Pharm J
2014;17:138–46.
16. Rao AS, Kelkar GR, Bhattacharyya SC. Terpenoid XXI: the
structure of costunolide, a new sesquiterpene lactone from Costus
root oil. Tetrahedron 1960;9:275–83.
17. Fang F, Sang S, Chen KY, Gosslau A, Ho C, Rosen RT. Isolation
and identification of cytotoxic compounds from Bay leaf (Laurus
nobilis). Food Chem 2005;93:497–501.
18. Matsuda H, Kagerura T, Toguchia I, Ueda H, Morikawa T,
Yoshikawa M. Inhibitory effects of sesquiterpenes from Bay leaf
on nitric oxide production in lipopolysaccharide-activated macro-
phages: structure requirement and role of heat shock protein
induction. Life Sci 2000;66:2151–7.
19. Vasquez M, Quijano L, Fronczek FR, Macias FA, Urbatsch LE,
Cox PB, Fischer NH. Sesquiterpene lactones and lignans from
Rudbeckia species. Phytochemistry 1990;29:561–5.
20. El-Feraly FS, Chan Y-M. Isolation and characterization of the
sesquiterpene lactones costunolide, parthenolide, costunolide
diepoxide, santamarine, and reynosin from Magnolia grandiflora
L. J Pharm Sci 1978;67:347–50.
21. Choi JY, Choi EH, Jung HW, Oh JS, Lee W-H, Lee JG, Son J-K,
Kim Y, Lee SH. Melanogenesis inhibitory compounds from
Saussureae Radix. Arch Pharm Res 2008;31:294–9.
22. Al-Attas AAM, El-Shaer NS, Mohamed GA, Ibrahim SR, Esmat
A. Anti-inflammatory sesquiterpenes from Costus speciosus rhi-
zomes. J Ethnopharmacol 2015;176:365–74.
23. Barla A, Topc¸u G, O¨ksu¨z S, Tu¨men G, Kingston DGI. Identi-
fication of cytotoxic sesquiterpenes from Laurus nobilis L. Food
Chem 2007;104:1478–84.
24. Rosselli S, Bruno M, Raimondo FM, Spadaro V, Varol M,
Koparal AT, Maggio A. Cytotoxic effect of eudesmanolides
isolated from flowers of Tanacetum vulgare ssp. Siculum.
Molecules 2012;17:8186–95.
25. Bohlmann F, Zhedro C. Neue eudesmanolide aus Gazania
krebsiana. Phytochemistry 1979;18:332–3.
26. Agrawal PK. NMR spectroscopy in the structural elucidation of
oligosaccharides and glycosides. Phytochemistry 1992;31:3307–30.
27. El-Sayed M, Maher AM, El-Nahas HA, El-Toumy SA, El-Wakil
MA, Ghareeb MA. Bioguided isolation and structure elucidation
of antioxidant compounds from the leaves of Ficus sycomorus.
Pharmacologyonline 2010;3:317–32.
